Objective To evaluate the effect of the oral synthetic -9-tetrahydrocannabinol dronabinol on central neuropathic pain in patients with multiple sclerosis. Design Randomised double blind placebo controlled crossover trial. Setting Outpatient clinic, University Hospital of Aarhus, Denmark. Participants 24 patients aged between 23 and 55 years with multiple sclerosis and central pain. Intervention Orally administered dronabinol at a maximum dose of 10 mg daily or corresponding placebo for three weeks (15-21 days), separated by a three week washout period. Main outcome measure Median spontaneous pain intensity (numerical rating scale) in the last week of treatment. Results Median spontaneous pain intensity was significantly lower during dronabinol treatment than during placebo treatment (4.0 (25th to 75th centiles 2.3 to 6.0) v 5.0 (4.0 to 6.4), P = 0.02), and median pain relief score (numerical rating scale) was higher (3.0 (0 to 6.7) v 0 (0 to 2.3), P = 0.035). The number needed to treat for 50% pain relief was 3.5 (95% confidence interval 1.9 to 24.8). On the SF-36 quality of life scale, the two items bodily pain and mental health indicated benefits from active treatment compared with placebo. The number of patients with adverse events was higher during active treatment, especially in the first week of treatment. The functional ability of the multiple sclerosis patients did not change. Conclusions Dronabinol has a modest but clinically relevant analgesic effect on central pain in patients with multiple sclerosis. Adverse events, including dizziness, were more frequent with dronabinol than with placebo during the first week of treatment.
Introduction
Pain is an important symptom accompanying multiple sclerosis; acute or chronic pain syndromes occur in 30-80% of patients. [1] [2] [3] [4] [5] [6] The many different types of pain seen in multiple sclerosis include musculoskeletal pain, pain associated with spasms, and central pain from sclerotic plaque lesions affecting pain pathways in the central nervous system. The reported prevalence of central pain in multiple sclerosis patients is around 33%. 7 In recent years the efficacy of cannabinoids in the treatment of multiple sclerosis symptoms, including pain and spasticity, has been discussed. Cannabinoids have been shown to decrease allodynia or hyperalgesia in various animal pain models, including inflammatory pain, 8 9 neuropathic pain, 10 11 capsaicin-induced pain, [12] [13] [14] and cancer pain. 15 The analgesic effects may be produced by both central and peripheral mechanisms. 8 10-14 16-18 One theory is that cannabinoids inhibit release of transmitter from primary afferents 19 ; another is that they activate descending modulatory pathways. 20 Clinical studies evaluating the analgesic action of cannabinoids in humans are sparse. Clinical reports indicate that cannabinoids may alleviate pain in different pain conditions, including multiple sclerosis related pain. [21] [22] [23] Only a few randomised clinical trials are available. [24] [25] [26] [27] Three randomised studies that evaluated the efficacy of cannabinoids on different neurogenic symptoms, including pain, have recently been published. [27] [28] [29] Two of these studies included patients with multiple sclerosis. 28 29 A large multicentre randomised placebo controlled study including 630 multiple sclerosis patients found an improvement in pain after 15 weeks of treatment with cannabinoids (oral -9-tetrahydrocannabinol or cannabis extract). 29 The primary outcome measure of this study, however, was spasticity, and no information was given about subtypes of pain. Another randomised placebo controlled single patient crossover study including 24 patients with neurogenic symptoms (18 multiple sclerosis patients) found that extract of whole plant cannabis ( -9-tetrahydrocannabinol and cannabidiol) administered by sublingual spray improved pain. 28 Twelve of the 20 patients completing the study had neuropathic pain. The third study included a group of patients (n = 21) with many different neuropathic pain conditions (mainly peripheral neuropathic pain). 27 In this randomised placebo controlled crossover study, one week of treatment with the synthetic cannabinoid CT-3 reduced neuropathic pain.
None of the previous studies has specifically explored the effect of cannabinoids on pain caused by central lesions in multiple sclerosis. We aimed to evaluate the efficacy of the synthetic -9-tetrahydrocannabinol dronabinol on central pain in multiple sclerosis patients in a randomised placebo controlled study. The objective was to provide better treatment options for central pain in multiple sclerosis, and we hypothesised that dronabinol would reduce central pain in multiple sclerosis.
(n = 627) to a postal survey undertaken among all patients with multiple sclerosis in Aarhus County in 2001. 6 In the multiple sclerosis clinic two chief consultants informed eligible patients about the study. One of the investigators (KBS) interviewed by telephone the patients with pain identified through the postal survey. Patients with suspected central pain had a clinical examination in the pain clinic.
Inclusion criteria were a diagnosis of multiple sclerosis (clinical definite multiple sclerosis and laboratory supported definite multiple sclerosis 30 ), age between 18 and 55 years, and central pain at the maximal pain site with a pain intensity score ≥ 3 on a 0-10 numerical rating scale. A doctor (KBS) assessed central pain after a clinical examination. The criterion for central pain was pain in a body territory with abnormal sensation to pinprick, touch, warmth, or cold, evaluated by the bedside, or quantitative sensory testing corresponding to at least one lesion in the central nervous system. 7 31 We did not include patients with musculoskeletal disorders, peripheral neuropathic pain (caused by a lesion in nerve root, plexus, or peripheral nerve), or visceral pain at the maximal pain site. We allowed concurrent spasm related pain if the patient was able to distinguish spasm related pain and central pain. We allowed additional pain outside the maximal pain site if pain intensity was low and distinguishable from the central pain. Exclusion criteria were hypersensitivity to cannabinoids or sesame oil; heart disease; mania, depression, or schizophrenia; previous or present alcohol or drug misuse; treatment with tricylic antidepressants, anticholinergic agents, antihistamine, or central nervous system depressant drugs (with the exception of spasmolytic drugs); use of analgesic drugs except paracetamol; pregnancy or lactation; sexually active women without reliable contraception; patients unable to cooperate or complete the study; participation in other clinical trials within the previous month; use of marihuana within the three months before the study; and unwillingness to abstain from the use of marihuana during the entire period. The patients consented to participate on the basis of verbal and written information.
We designed the study as a randomised double blind placebo controlled crossover trial. At study entry we obtained a medical history and did a full neurological and physical examination, including electrocardiography. We allocated patients to treatment after a one week baseline period. We planned for the patients to receive three weeks' (18-21 days') treatment with dronabinol and three weeks' (18-21 days') treatment with placebo, with a washout period of at least 21 days between the treatment periods. Any analgesic drug (except paracetamol) was discontinued at least one week before the first visit.
During the baseline period and the two treatment periods the patients recorded pain intensity, use of escape medication, and adverse events in a diary. They recorded assessment of pain relief at the end of each treatment period. At the end of the baseline period and at the end of each treatment period we administered quantitative sensory tests, a health related quality of life questionnaire (SF-36), and the expanded disability status scale. 32 At the end of the study we asked the patients to identify the treatment period in which they received the active medication and which of the two treatments they preferred. We did a safety telephone follow up three to seven days after the last visit.
We administered dronabinol as 2.5 mg capsules and used dosage escalation. The initial dose was 2.5 mg daily, and the dose was increased by 2.5 mg every other day to a maximum dose of 5 mg (two capsules) twice daily. Placebo capsules were administered as identical looking capsules. The active capsules contained dronabinol solution in sesame oil, and the placebo capsules contained pure sesame oil. After 18-21 days of treatment we discontinued treatment without tapering. If adverse events occurred we reduced the dose to a minimum of 2.5 mg daily. The investigational drug (Marinol; dronabinol tetrahydrocannabinol) and placebo were manufactured for Solvay by Banner Pharmacaps, USA, and packaged and labelled by IPC-Nordic, Denmark.
Assignment and masking
We assigned patients to treatment sequence by using a computer generated randomisation code with a block size of six prepared by IPC-Nordic. Investigators allocated patients consecutively by time of inclusion at the study site. Both investigators and patients were blinded. One investigator (KBS) enrolled all participants and allocated them to treatment.
We administered both active treatment and placebo as white capsules (soft gelatin capsules) in identical containers. The taste and smell of the capsules did not differ. Sealed, completely opaque code envelopes containing information about treatment sequence for each patient were present at the study site. The code envelopes were returned unopened to the monitor after termination of the study. We maintained blinding until the data analysis was completed.
Assessments
The predefined primary outcome measure was median spontaneous pain intensity in the last week of treatment. Secondary outcome measures were median radiating pain intensity in the last week of treatment, pain relief, use of escape medication, patient preference, health related quality of life (SF-36), expanded disability status scale score, and quantitative sensory testing.
We asked the patients to assess pain intensity and pain relief at the maximal pain site throughout the study. They assessed pain intensity by using a numerical rating scale from 0 to 10 (0 = no pain, 10 = worst imaginable pain). They made the assessment twice daily in the diary during the baseline period and throughout each treatment period. They recorded pain relief on a numerical scale from 0 to 10 (0 = no pain relief, 10 = best pain relief) at the end of each treatment period. The patients also recorded the number of paracetamol taken daily. We assessed health related quality of life by using the standard version of the SF-36 health survey. We administered the survey as an interview to all patients to avoid problems due to visual handicap. The same investigator (KBS) did all the interviews.
We did quantitative sensory testing at baseline and at the end of each treatment period. We did the tests at the maximal pain site and at the same site at all three visits. We assessed tactile sensitivity to single stimuli by using Von Frey hair (Semmes Weinstein Monofilaments, Stoelting Co, IL, USA). We defined the tactile detection threshold as the smallest force needed to bend a Von Frey hair that was just perceived and the tactile pain threshold as the least force needed to bend a Von Frey hair that was just felt as painful. We used at least three changes of direction (ascending and descending forces) to define the tactile detection threshold and two crossings to define the tactile pain threshold. We measured sensation of vibration over a bony part by using an electronic vibrameter (Somedic Sales AB, Sweden). We took the average of the vibration perception threshold and the vibration disappearance threshold as the vibration threshold. 33 We used the average of three vibration thresholds in the analysis. We determined the cold detection threshold, heat detection threshold, cold pain threshold, and heat pain threshold with the Medoc Thermotest (TSA 2001, Israel) by using the method of limits. From a baseline temperature of 30°C, temperatures changed at a rate of 1°C/s (cut-off limits at 50.5°C and 0°C). The patient pressed a button when he or she just felt cold, warmth, painful cold, and painful warmth (average of five measurements used in analysis).
To determine the pain-free sensitivity range in which cold and warm were perceived, we calculated the warm sensibility index and the cold sensibility index. 34 We defined the cold sensibility index as "cold pain detection threshold-cold threshold/ cold pain detection threshold − reference temperature" and the warm sensibility index as "heat pain detection threshold-warm threshold/heat pain detection threshold − reference temperature."
We assessed the pressure pain threshold by using a handheld electronic pressure algometer (Somedic AB, Sweden) as described previously, 35 with a circular probe of 1 cm 2 and a pressure rate of 30 kPa/s. The patient pressed a button when the pressure was just felt as painful. We used the average of three measurements in analysis. We evoked temporal summation to pinprick stimuli by repetitively tapping the skin with a stiff nylon filament driven by a computer controlled solenoid (Laboratory for Experimental Pain Research, Aalborg University, Denmark) at a rate of 2 Hz for 1 minute. 36 We assessed pain intensity before and after stimulation. We considered temporal summation to be present when pain intensity increased during the stimulation. We assessed dynamic touch evoked pain by stroking the painful skin area twice with a pellet of cotton wool (1-2 cm/s). We assessed cold evoked pain by applying an acetone drop on the skin; patients assessed the pain on a 0-10 numerical scale before and after the stimulus. We considered allodynia (to dynamic touch or cold) to be present if pain was provoked or worsened by the stimulus and pain intensity after stimulation was ≥ 3.
Patients used their own words to record adverse events in their dairies during each treatment period. If a patient reported the same adverse events more than once and the events were separated by time, we considered each episode as one event.
Data analyses and statistics
For the daily pain scale ratings we determined a median value for the third week of treatment. If a patient stopped the treatment prematurely we used the last week of treatment in the analysis according to the principle of intention to treat.
We coded and summed the item scores in SF-36 and transformed them to a scale of 0 (poor health) to 100 (optimal health). We handled missing data in the SF-36 according to the manual. 37 We calculated the number needed to treat as the reciprocal of the difference between the proportions with a pain relief score (numerical rating scale) ≥ 5 in the two groups. We obtained the 95% confidence interval as the reciprocal of the confidence interval of the absolute risk reduction. 38 We compared treatment effects (pain intensity, pain relief, escape medication, SF-36, expanded disability status scale, and quantitative sensory testing) by using Koch's adaptation of the Wilcoxon-Mann-Whitney rank sum test allowing for a possible period effect. 39 We used the Hodges-Lehmann estimator (a nonparametric method linked to the Wilcoxon test 39 ) to provide a point estimate and 95% confidence intervals for treatment effect. We used the Mainland-Gart test to analyse binary data (temporal summation, allodynia, treatment preference, adverse events). We used the Mann-Whitney test to test for a possible carryover effect. We used Fisher's exact test to compare the patients' guesses of active treatment arm. We considered P < 0.05 to be significant for the primary outcome measure.
We considered a 25-30% pain reduction from baseline to be clinically relevant in this study. 40 Expecting an average pain intensity at baseline between 5 and 6 on the 0-10 numerical rating scale, a ≥ 1.5 point difference between treatments would correspond to a 25-30% reduction from baseline. Considering a difference in spontaneous pain intensity of at least 1.5 points on the 0-10 numerical rating scale between dronabinol and placebo treatments, we expected 23 patients to be sufficient to obtain a statistical power greater than 90% ( = 0.05) (SD 2.5 was obtained from unpublished data from other patients with central pain).
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Results
Participants
Patients were recruited to the study in the period 27 February to 21 May 2002. The last telephone follow up took place on 26 July 2002. We screened 25 patients for the study (fig 1) . One patient had an abnormal electrocardiogram and was not included. All enrolled participants (n = 24) completed the study protocol. Table 1 gives the characteristics of the participants. One participant claimed that the container of study medication was empty after 15 days of treatment in both periods. We did not include the results of the SF-36 and quantitative sensory testing from this patient in analysis, because the patient ran out of treatment a week before the measurements were made.
One patient had a muscle sprain (provoked by a sudden movement) on day 14 in the second treatment period (active medication). The pain due to the sprain was different from the patient's normal pain, but she assessed the intensity of this new pain in the diary. On visit 4 (on day 18) the patient was asked to assess retrospectively the intensity of her normal pain from day 14 to day 18. We used the patient's retrospective assessment of spontaneous pain in the calculation of the median pain intensity of the last week of the second treatment period.
Primary outcome measure
We observed no significant carryover effect for the primary outcome measure (P = 0.24). The median spontaneous pain intensity during the last week of treatment was significantly lower during dronabinol treatment than during placebo treatment (4.0 (25th to 75th centiles 2.3 to 6.0) v 5.0 (4.0 to 6.4), P = 0.02) (fig 2) . The estimated difference in pain scores between dronabinol and placebo treatments was − 0.6 (95% confidence interval − 1.8 to 0) (Hodges-Lehmann estimator).
In the group of patients randomised to active medication in the first period the change in spontaneous pain intensity from baseline was − 1.0 (25th to 75th centiles − 1.9 to − 0.1) during dronabinol treatment and 0 ( − 2.0 to 0) during placebo treatment. In the group of patients randomised to placebo in first period the change in pain from baseline was − 1.5 ( − 2.8 to − 0.3) during dronabinol treatment and 0 (0 to 0.9) during placebo treatment. The estimated relative difference in pain reduction from baseline between dronabinol and placebo treatments was -20.5% (95% confidence interval − 37.5 to − 4.5) (Hodges-Lehmann estimator). Table 2 shows the secondary outcome measures. Median radiating pain intensity during the last week of treatment was lower during dronabinol treatment than during placebo treatment, and a higher pain relief score was obtained during dronabinol treatment than during placebo treatment. On the basis of pain relief scores, the number of patients that needed to be treated for one additional case of 50% pain relief was 3.45 (95% confidence interval 1.9 to 24.8). No differences between treatments occurred in period preference, escape medication, or expanded disability status scale score.
Secondary outcome measures
The pressure pain threshold was higher after dronabinol treatment than after placebo treatment. No differences between treatments occurred in cold sensibility, warm sensibility, tactile detection, tactile pain detection, vibration sense, temporal summation, or mechanical and cold allodynia. On the SF-36, the patients scored slightly higher (better) in the bodily pain and mental health domains during dronabinol treatment than during placebo treatment.
Adverse events
Adverse events were more common during dronabinol treatment than during placebo treatment. During dronabinol treatment 23 (96%) patients had adverse events compared with 11 (46%) patients during placebo treatment (P = 0.001, Mainland-Gart test) (table 3). Eleven of the patients had adverse events in both treatment periods; none had adverse events during placebo treatment only. The number of patients with adverse events was higher during the first week of dronabinol treatment than during the last week of treatment.
During active treatment four (17%) patients had their doses reduced (three patients to 7.5 mg daily and one patient to 5 mg daily) because of intolerable adverse events. The reduction of dose decreased the side effects for all four patients. The rest of Active-placebo group=patients randomised to active medication in first treatment period (n=12); placebo-active group=patients randomised to placebo in first treatment period (n=12); NRS=numerical rating scale the patients had no need for dose reduction during active treatment and were all treated with 10 mg daily. No patients had their dose reduced during placebo treatment.
The most common adverse events during dronabinol treatment were related to the central nervous system (dizziness, headache, tiredness) and the muskuloskeletal system (myalgia, muscle weakness) (table 3). Four patients had an aggravation of multiple sclerosis during the trial-one during dronabinol treatment, two during placebo treatment, and one during the washout period. The last patient was admitted to the hospital. The washout period of this patient was extended (57 days) because of the adverse event. The head of the multiple sclerosis clinic confirmed that the patient's neurological condition was stable before the second treatment period (placebo) was started.
Assessment of blinding
Sixteen (67%) of the patients correctly identified the period in which they received active medication. Six (25%) patients identified the wrong period, and two (8%) patients were unable to choose one of the treatments (P = 0.19, Fisher's exact test).
Length of treatment periods and number of capsules taken
The median treatment period was 20 (range 15-21) days for both active treatment and placebo. The median washout period was 21 days. The average number of capsules taken was 62 (54-72) during active treatment and 66 (56-72) during placebo treatment.
Discussion
Outcome
Oral dronabinol, at a maximum dose of 10 mg daily, reduced central pain in patients with multiple sclerosis. The primary outcome measure-median spontaneous pain intensity during the last week of treatment-was significantly reduced during dronabinol treatment compared with placebo. The difference between treatments in pain reduction from baseline was around 21%. The intensity of radiating pain during the last week of treatment was also reduced, and the pain relief score was higher during dronabinol treatment than during placebo treatment. The number needed to treat for 50% pain relief was 3.5. The threshold for pain provoked by pressure was slightly higher with dronabinol treatment than with placebo. Two items of the SF-36, bodily pain and mental health, indicated benefits from active treatment compared with placebo. We made no statistical correction for multiple comparisons. However, the results of the secondary outcome measures supported the finding that dronabinol was superior to placebo in reducing pain.
Study design
The length of the treatment period may be debated. We chose three weeks as a compromise to ensure stability of the multiple sclerosis within the study period and to ensure that we were not looking at temporary effects. It could be argued that dronabinol ameliorated pain by an non-specific effect on bodily functions other than those directly linked to pain. However, dronabinol did not alter the functional multiple sclerosis disability score during the trial, and on the SF-36 general health profile the only improvements seen were in bodily pain and mental health. These observations suggest that dronabinol had a specific effect on pain.
The definition of central neuropathic pain is vague. 31 We included only patients with sensory abnormalities at the maximal pain site, and we did not define spasm related pain as central pain as other authors have. 7 We included patients with spasms only if they were able to distinguish spasm related pain and central pain. We instructed all patients throughout the study to assess pain only at the site that was most painful at study start and only that diagnosed as central pain. In this way we tried to ensure that only changes in central pain were assessed. However, we cannot exclude the possibility that some of the pain reduction was related to a decrease in spasm related pain. In addition, the higher mental health subscore on the SF-36 during dronabinol treatment may indicate that some of the benefit of dronabinol on pain may be due to a central effect.
Clinical implications
Whether the small reduction in pain intensity during dronabinol treatment seen in this study is clinically important can also be debated. However, the treatment of neuropathic pain conditions, and in particular those caused by central nervous system lesions, is difficult. 40 Randomised trials evaluating oral treatment of central pain are limited. 42 The pain reduction seen in this study is comparable to the effect of other drugs used in the treatment of neuropathic pain conditions. 43 44 Even when a pain reduction on the numerical rating scale is small, the patient may find the reduction clinically important. Pain relief ≥ 33% was found to be a clinically important pain outcome measure in a study that included cancer patients. 45 Defining a score of ≥ 3 on the 0-10 numerical rating scale as ≥ 33% pain relief, 13 (54%) patients in our study had ≥ 33% pain relief during dronabinol treatment compared with 5 (21%) patients during placebo treatment.
Adverse effects
The number of patients with adverse events was higher during dronabinol treatment than during placebo treatment. However, no patients were withdrawn because of adverse events, and only four patients had their dose reduced during active treatment. The number of patients with adverse events decreased during active treatment, and in the last treatment week we found no significant difference in the number of patients with adverse events. This may be due to increasing tolerance to the drug over time. We obtained the adverse events from the patients' diaries, and this may give a higher number of reported adverse events than in studies using retrospective recordings. The most frequently reported side effect was dizziness or lightheadedness, a well known side effect of -9-tetrahydrocannabinol, which has also been found to be more frequent during active treatment than during placebo treatment in other studies. 29 In a previous study including multiple sclerosis patients the drug was reported to be well tolerated, with no difference in the number of side effects between dronabinol and placebo. 46 Other studies, however, indicate that the clinical relevance of -9-tetrahydrocannabinol as pain management may be limited by unfavourable adverse events. [47] [48] [49] 
Conclusion
Oral dronabinol reduced central pain in patients with multiple sclerosis. Spontaneous pain intensity was reduced and pain relief was higher during dronabinol treatment than during placebo treatment, pressure evoked pain tended to decrease, and the patients tended to score better in the bodily pain domain of the health related quality of life questionnaire.
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What is already known on this topic
Cannabinoids reduce hyperalgesia in animal models of neuropathic, inflammatory, and cancer pain
Evidence from randomised controlled trials of the analgesic effect of cannabinoids in humans is sparse
A recent large study with pain as a secondary outcome measure indicated that cannabinoids may alleviate unspecified pain in multiple sclerosis
What this study adds
Dronabinol has a modest but clear and clinically relevant analgesic effect in multiple sclerosis patients with central pain
The effect size is comparable to that of other treatment options available Dronabinol should be available for patients whose central pain is not sufficiently treated with alternative drugs such as anticonvulsants, antidepressants, or opioids
